Abstract.-Recent evidence suggests that avian population growth rates may be constrained by low postfledging survival. Therefore, quantifying postfledging mortality and understanding the ecological factors that influence it are fundamental for assessing the relative importance of this life-history stage for population growth and identifying the ecological drivers of population dynamics. We radiotracked  juvenile Ring Ouzels (Turdus torquatus), a species of high conservation concern in the United Kingdom, to test hypotheses regarding the timing and causes of postfledging mortality and to quantify the timing and magnitude of local movements and dispersal. Juveniles fledged from early-season broods had higher survival during each -day period over  days postfledging (. ± . [SE]) than juveniles fledged from late-season broods (. ± .). Most mortality occurred within the first  weeks postfledging, and predation by raptors and mammals was the main apparent cause of mortality, accounting for % and % of deaths, respectively. Juvenile survival decreased at the age of independence from parental care. Juveniles traveled increasing distances from their nests with time after fledging, and those that fledged early in the season dispersed outside the study area at significantly older ages than those that fledged late in the season. Received  January , accepted  October .
Temporal and spatial variation in prebreeding survival can have important effects on the population dynamics of mammals and birds, yet it is one of the least-studied components of vertebrate demography (Gaillard et al. ) . Many avian studies have found that a substantial proportion of prebreeding mortality occurs during the juvenile period, defined here as the period between fledging and dispersal from the natal area some days or weeks later (e.g., Anders et al. , AUK, VOL. 130 may, in turn, lead to a positive relationship between brood size and juvenile survival (Spear and Nur ) . In summary, there are multiple conflicting predictions regarding relationships between juvenile survival and seasonal patterns of fledging, body condition, and brood size, and, to date, no overarching patterns have been established.
The timing and ecology of juvenile movements, both before independence from parental care and during premigratory dispersal away from the natal area following independence, are even less well-quantified than variation in juvenile survival itself. As expected, distance from the natal nest increased with juvenile age (Kershner et al. , Berkeley et al. , Vitz and Rodewald , Fisher and Davis , Hovick et al. ) . However, dispersal may occur immediately after fledglings leave the nest (Morton , Lens and Dhondt ) in some species, whereas in others, juveniles remain near their natal nest until the start of full seasonal migration (Anders et al. , Vega Rivera et al. , Kershner et al. ) , presumably using available resources to prepare for the upcoming migration or winter. Data describing the timing of movements is therefore required both to understand the ecological causes and consequences of such movements and to inform estimates of the timing and magnitude of dispersal.
The Ring Ouzel (Turdus torquatus) is a red-listed species of high conservation concern in the United Kingdom (Eaton et al. ) . Ring Ouzel populations are declining, but the underlying mechanisms are poorly understood (Sim et al. ) . A recent demographic study indicated that population growth rate (λ) was most sensitive to apparent first-year survival (fledging to age  year), which also contributed most to observed variation in λ (Sim et al. ) . Additionally, most (-%) estimated first-year mortality occurred in the first  weeks postfledging, which indicates that low juvenile survival through this specific period may substantially affect λ (Sim et al. ) . Understanding the timing and causes of juvenile mortality may therefore be key to devising effective population management for this species.
We used radiotracking of a large sample of juvenile Ring Ouzels to quantify the timing and causes of postfledging mortality. Radiotelemetry allows the precise location of surviving and dead individuals to be regularly determined with little bias, dispersal events to be confirmed or inferred with relatively high confidence, and specific causes of mortality to be identified. We then tested the hypotheses that juvenile survival would be higher for early-than for late-season broods, increase with improved body condition, but then decrease with increasing brood size, fledge date, and at the transition to parental independence. By continuing to track throughout the postfledging period, we quantified the timing and magnitude of local movements and dispersal from the natal area. We thus integrate factors associated with postfledging survival with quantification of the timing and magnitude of local movements and dispersal.
METHODS

Study Area And Species
The Ring Ouzel is a medium-sized migratory thrush that breeds in northwest and central Europe and winters in southern Spain and North Africa (Wernham et al. ) . We studied a population that occupies ~ km  ( ×  km) of southern Glen Clunie (°′N, °′W), northeast Scotland, from  to . Land use on the Vitz and Rodewald ). Population growth rate (λ) may therefore be constrained by survival during this specific period (King et al. , Yackel Adams et al. ) . A quantification of the magnitude of, and an understanding of the ecological factors that influence, postfledging mortality is key in assessing the relative importance of this life-history stage for population growth, and for identifying ecological drivers of population dynamics and potential mitigating measures for populations of conservation concern (e.g., Anders et al. , Yackel Adams et al. ) .
A juvenile's survival may depend on its ability to locate suitable habitat for foraging and concealment from predators and, hence, on its ability to move across the landscape (e.g., Anders et al. , Vega Rivera et al. , Vitz and Rodewald ) . Furthermore, accurate estimation of the magnitude and causes of juvenile mortality requires measurement of juvenile movements, both within and away from the natal area (e.g., Anders et al. , Vitz and Rodewald , Fisher and Davis ) . Identification of the ecological factors that constrain the juvenile life-history phase therefore requires combined measurement of the timing and causes of mortality, factors that influence survival, and the timing and magnitude of local movements and dispersal from the natal area.
Factors hypothesized to influence juvenile survival rates and the timing of mortality include predation, cessation of parental care, seasonal timing of fledging, body condition at fledging, and brood size, all of which may, in turn, interact with food abundance or availability. Adult passerines of most species lead juveniles to suitable foraging habitat and provide protection from predators for the first few weeks postfledging (Badyaev and Ghalambor ) . Nonetheless, juveniles can be particularly vulnerable to predation during this period (e.g., King et al. , Ausprey and Rodewald , Hovick et al. ) . Mortality is hypothesized to further increase when juveniles of some species become fully independent from parental care because of a temporary increase in vulnerability to starvation, predation, or both. Some empirical studies have supported this hypothesis (Sullivan , Anders et al. ), but others have not (Kershner et al. ) , and more data are needed to determine the relative effects of predation and cessation of parental care on juvenile mortality.
Juvenile survival is widely hypothesized to be higher for offspring that fledge early in the season, when environmental conditions may be more favorable and food more abundant (Krementz et Kershner et al. ) . Finally, juvenile survival has been hypothesized to be negatively related to brood size; increased competition for limited food resources in larger broods may cause a decrease in mean nestling body condition and, thus, compromise survival of juveniles from larger broods (Nur , Smith et al. ) . Conversely, however, higher-quality parents and/or higher-quality breeding sites may be better able to support larger broods (Holmes et al. ) In each year, we aimed to locate all Ring Ouzel breeding pairs and nesting attempts. The study area was systematically surveyed, by covering all ground to within  m of observers, every - weeks between mid-April and mid-July (Sim et al. ) . Ring Ouzels vigorously defend the immediate vicinity of nests, but disputes outside this area are rare (Burfield ) . In Scotland, breeding adults forage a mean distance of  m from the nest, and % of foraging locations were within  m (Burfield ) . A successful breeding cycle requires - days (Burfield ) , and British Ring Ouzels regularly make two, rarely three, breeding attempts per season (Sim et al. b) . "Early" and "late" pairs were defined as those that laid eggs within  days of the first laying date and on or after day , respectively, in each year (Sim et al. ) . Egg laying was recorded directly in nests found during laying or hatching, or estimated using known relationships between chick age and wing length and mass (Burfield ) or by comparison with photographs of known-age nestlings. During -, we located  early and  late nests before nestlings fledged, comprising % and % of known successful early and late nests, respectively. We located % of nests with eggs and % with nestlings. To allow individual identification,  nestlings ( and  from early and late nests, respectively), comprising % of individuals known to fledge in the study area, were uniquely banded with metal and plastic color bands.
Juvenile Survival and Movements
To measure juvenile survival and movements during MaySeptember, nestlings were fitted with .-g TW single-celled radiotransmitters (Biotrack, Wareham, United Kingdom) just prior to fledging (- days posthatch), at which age brood size (the number of nestlings alive) was recorded. Transmitters were backmounted using an elastic harness with a weak cotton link, to allow tag loss prior to migration. In ,  late-brood nestlings were fitted with transmitters and appeared to fly as well as color-banded juveniles without transmitters when flushed, and dispersed over similar distances and periods as color-banded siblings. They thus showed no detrimental behavioral effects of radiotransmitters, in common with previous studies (Rae et al. , Gow et al. ) . Subsequently, a further  and  early-brood nestlings and  and  late-brood nestlings were fitted with transmitters in  and , respectively (giving totals of  early-nest nestlings from  broods and  late-nest nestlings from  broods, respectively). We aimed to fit transmitters to at least one nestling from all successful broods. All nestlings in broods of - were fitted with transmitters. In broods of -, nestlings were ranked according to wing length (the best predictor of nestling age; Burfield ), and - nestlings were selected at random according to these rankings and fitted with transmitters. Thus, transmitters were fitted to single nestlings in  broods,  nestlings in  broods, and  nestlings in  broods.
Juveniles with transmitters were tracked and their locations recorded every - days postfledging, until the individual was found dead, shed the transmitter, or disappeared and was assumed to have dispersed from the study area. Tracking therefore continued throughout the entire postfledging, predispersal, period. Survival estimates presented here therefore differ from those in Sim et al. () , in which survival was measured on a weekly basis for  weeks postfledging only, and in which "true" first-year survival to recruitment was back-calculated from population-wide demographic data. Individuals were tracked at different times on different tracking days. Transmitters had signal ranges of ~ km with direct line of sight, but more typically - km depending on terrain, and a battery life of ≥ months. We used Advanced Telemetry Systems (ATS; Isanti, Minnesota) scanning receivers attached to car-roof-mounted aerials to provide approximate locations. Hand-held Telonics TR- receivers, attached to three-element Yagi antennas, were used to visually locate each individual on foot and record their location using a Garmin global positioning system (GPS)  Personal Navigator. Individuals < days old postfledging usually "froze" on approach and hid in tall vegetation. However, older individuals flushed on ~% of occasions, but generally flew < m and hid or resumed foraging. On the remaining % of occasions, individuals did not fly but hopped away and hid or resumed foraging nearby.
The location from which each juvenile flushed was usually recorded to the nearest  m (% of locations). However, more mobile birds had their initial location estimated to the nearest  m (% of locations). Each located individual was observed for ~ min to determine whether it was dependent on its parents or apparently independent. Juveniles were defined as "dependent" when at least one adult was observed within  m, carrying food, or giving agitated alarm calls. Juveniles were classed as "independent" midway between the last observation when at least one parent was present and the first observation when neither parent was seen or heard. On no occasion was a juvenile observed to be dependent after having previously been classed as independent.
Each visual location was plotted onto digital :, Ordnance Survey maps in MAPINFO PROFESSIONAL, version  (MapInfo, New York), and the distance from the nest calculated (excluding those apparently depredated, because the predator may have moved the dead bird). To locate juveniles that dispersed from the study area, we drove most roads within a -km radius once every  weeks during early August to early September, using ATS scanning receivers attached to roof-mounted aerials. In addition, we made four aerial searches (two each in mid-to late August  and ) within a radius of ~ km, using a fixed-wing aircraft. Any birds detected on these more extensive searches were followed up by searches on foot to confirm their precise location.
Causes and Timing of Mortality
Remains of juveniles that were found were examined to determine the most likely cause of death. Individuals found in raptor nests, or elsewhere with plucked feathers and bent aerials, were assumed to have been killed by raptors, whereas those located underground in tunnels, under boulders, or in the open with bitten feathers and unbent aerials were assumed to have been killed by mammals (Thirgood et al. ) . Juveniles with no apparent injuries that were found close to nests or in rivers were assumed to have died from exposure and drowning, respectively, and cases 72 -SIM ET AL. -AUK, VOL. 130 of accidental mortality were assigned to the most likely cause of death (see below). Because juvenile location and status (deadalive) was checked at -to -day intervals, the timing of mortality was also accurate to within - days.
Body Condition
To test whether juvenile survival, or movements within or away from the study area, varied with nestling body condition, we measured a body condition index (BCI) as the residual of a regression of body mass on wing length  (body mass = . + .* wing length  ; r  = .; Genevois and Bretagnolle ). We measured wing length (maximum chord to the nearest  mm) and body mass (to the nearest . g, using a Pesola balance) for all nestlings aged - (mean = ) days posthatch (Burfield ) .
STATISTICAL ANALYSIS
Survival analysis.-We examined variation in juvenile survival over  days postfledging ( × -day periods, from  May to  September), after which no individuals fitted with radiotransmitters remained within the study area, using three different sets of known-fate models in Program MARK, version . (White and Burnham ). Known-fate models assume () that the fate of each individual is known with certainty (although "missing" individuals can be censored during the period they are not found, and re-enter the data set when they are relocated) and () that the fates of individuals are independent. When individual survival probabilities are not independent, estimated effects are unbiased, but variances are biased downward because of extrabinomial variation or overdispersion of the data (Tsia et al. ) . Biologically, overdispersion might be expected if the fates of different brood members covary. We tested for significant violation of the assumption of independence by estimating overdispersion (ĉ) as χ  /df, where χ  is the summation of partial chi-square values ([observed -expected]  /[expected]) calculated for each possible outcome of losses within tagged brood sizes of , , or  young ( possible outcomes). Expected values were calculated as (n/r)p r ( -p) n -r , where n is brood size, r is the number of young surviving to independence, and p is the survival rate between fledging and independence (Wiens et al. ) . There was no evidence of overdispersion (χ  = ., df = , P = .). Individual fates were therefore treated as independent. Five individuals were temporarily censored for up to two consecutive -day periods for which they were unobserved before being relocated.
Candidate models were selected following examination of the literature and were designed to test a priori hypotheses (Table  S, supplementary material with the online version of this article; see Acknowledgments). The first set of models tested for effects of fixed factors year (, , or ) and brood season (early or late), and covariates brood size (mean = . ± ., range: -) and BCI (mean = . ± . g, range: -. to . g), on juvenile survival. In this set of models, each juvenile encounter history began on its specific fledging date. We first tested the relative support for models in which survival was constant or varied across all  four-day periods. We then tested for effects on survival of the above covariates and factors on their own, when added to one another and including all possible two-way interactions.
The second and third sets of models tested for effects of age on survival, so fledging date was classified as day  for each juvenile's encounter history. The second set of models tested for effects of BCI through the first , , and  days postfledging, on survival of early, late, and all broods. The third set of models tested for effects of independence from parents on survival of early, late, and all broods. Individuals were included in this analysis up until their last recorded location within the study area (i.e., they were rightcensored after apparently dispersing). The saturated models fitted the data perfectly, and there is no goodness-of-fit test for such data (Cooch and White ) .
Movement analysis.-We wished to test for an effect of distance moved by juveniles by  days of age (the oldest age at which all juveniles were still dependent on their parents) on survival; however, it was not possible to model the effect of the time-varying covariate distance moved. Therefore, we modeled the effects of year, brood season (early vs. late), brood size, and BCI on () the distance juveniles moved from their nest by  days of age and () their age at assumed dispersal out of the study area. Both response variables were log  transformed to normalize their distributions, and breeding site was specified as a random effect to account for potential non-independence of juveniles fledging from the same site in different years. We tested for effects on these two response variables of the above covariates and factors on their own, when added to one another, and including all possible two-way interactions.
Akaike's information criterion adjusted for small sample size (AIC c ) was used for all the above models to identify the bestsupported model that included the parameters of interest (Burnham and Anderson ) . The model with the lowest AIC c was judged the best-supported model. When differences in AIC c (ΔAIC c ) scores between models were <., models were considered statistically indistinguishable. However, although models with ΔAIC c ≥. and ≤. were considered to have less support, they may still offer insight into observed patterns (Burnham and Anderson ) .
Because some models included two-way interactions, averaging across main effects within model sets was inappropriate. In the first survival model and the two movement-analysis models, brood season and fledging date were highly correlated (survival model: r = ., distance from nest model: r = ., age at dispersal model: r = .; all P < .). Because there was greater support for models with brood season, as opposed to fledging date (or fledging date  ), as a univariate predictor, fledging date and fledging date  were not considered further. Means are presented ± SE unless otherwise stated.
RESULTS
Variation in juvenile survival.-The best-supported model within the first set indicated that juvenile survival of early-season broods was higher during each -day period over  days postfledging (. ± .) than that of late-season broods (. ± .; Table   and Fig. ; Table S , supplementary material with the online version of this article; see Acknowledgments). However, early-season juveniles were tracked for much longer than late-season juveniles. Survival probabilities calculated over equivalent -day periods postfledging (when ≥ individuals from both groups were tracked; (Tables  and S) . Survival was similar for early broods in  and , and for late broods in  and , but late-brood survival in  was considerably lower. In addition, the relationship between brood-season survival and brood size was stronger for early than for late broods.
The best-supported model within the second set indicated that both early-and late-brood juvenile survival for the first  days postfledging were positively associated with higher BCI at fledging (Table ; Table S , supplementary material with the online version of this article; see Acknowledgments). However, five more models were moderately well supported (ΔAIC c = .-.), including positive effects of BCI on survival of early and late broods for  days, on late broods only for , , and  days postfledging, and brood-specific survival without an additional effect of BCI (Tables  and S) . However, in all models in which BCI was included as a covariate, estimated effects of BCI at fledging on both early-and late-brood juvenile survival were relatively small, and % confidence intervals overlapped zero (Tables  and S) . Indeed, the most parsimonious model (yr; 2006, 2007, or 2008) , brood season (br; early or late), brood size (bs), and body condition index (BCI) and with full time dependence (time) for Ring Ouzels in northeast Scotland, 2006 -2008 models in this table, and in  Tables 3 and 4 , asterisks indicate main effects plus two-way interactions. For all models, only those with ΔAIC c ≤ 7 are shown, and the best-supported model is indicated in bold. Regression coefficients of estimated linear change (β ± SE) are provided for models that include covariates. k = number of parameters and w i = AIC c weight. The best-supported model within the third set indicated that late-brood juvenile survival decreased at independence (- days), from . ± . to . ± . (Tables  and SI ; Fig. ) . However, a model indicating a decrease in both early-brood (from . ± . to . ± .) and late-brood survival at independence was moderately well supported (ΔAIC c = .; Tables  and SI ; Fig. ) . Early broods became independent at a marginally significantly older age ( ±  days) than late broods ( ±  days; χ  = ., P = .); there was no significant effect of year (χ  = ., P = .) or a two-way interaction between year and brood season (χ  < ., P = .). Causes and timing of mortality.-Of the  juveniles fitted with transmitters,  (.%) were found dead,  (.%) were lost track of and assumed to have dispersed outside the study area, five (.%) shed their transmitters within the study area, and two (.%) transmitters stopped working prematurely (juveniles could still be identified by individual color bands). Of the  found dead,  (.%) and  (.%) were killed by raptors and mammals, respectively. A further six (.%), two (.%), and two (.%) died of 
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-SIM ET AL. -AUK, VOL. 130 exposure, drowning, and accidental deaths (one each trampled by a deer and strangled by its harness), respectively (Fig. ) . The majority () of deaths by raptors could not be attributed to a specific species. However, the remains of  juveniles and/or their radiotransmitters were found in, or within  m of, Buzzard (Buteo buteo; n = ), Eurasian Kestrel (Falco tinnunculus; n = ), and Eurasian Sparrowhawk (Acccipiter nisus; n = ) nests, which strongly suggests that these were the predators. The  deaths by mammals could not be attributed to a specific species. However, a minimum of  (%) were likely killed by mustelids (Stoats and Weasels), because they were found in situations inaccessible to Red Foxes, such as small holes or deep in boulder scree.
A smaller proportion of early-brood (/, %) than of late-brood (/, %) juveniles was depredated (χ  = ., P = .). Mammals were the main predator of juveniles during the first  days postfledging (/, %), with raptors the main predator during the following  days postfledging (/, %; Fig. S , supplementary material with the online version of this article; see Acknowledgments). Mortality, apparently from exposure, drowning, and accident, occurred during the first  days postfledging (Fig. ) .
Juvenile movements and dispersal.-Within the study area, both early-and late-brood juveniles traveled increasingly far from their nests as they aged (Fig. ) . Early-brood juveniles moved median distances of  m (range: -, n = ) by age  days,  m (range: -,, n = ) by  days, and , m (range: ,-,, n = ) by  days (Fig. ) . Late-brood juveniles moved median distances of  m (range: -, n = ) by age  days, and  m (range: -,, n = ) by  days (Fig. ) .
The best-supported model testing for hypothesized effects on distance moved by individuals by age  days indicated a twoway interaction between year and brood size (Table ; Table S , supplementary material with the online version of this article; see Acknowledgments). There was a positive association between distance moved and brood size in  and , but a negative association in . However, four more models were moderately well supported (ΔAIC c = .-.), including a two-way interaction between year and brood season, positive effects of brood season and negative effects of BCI, and their additive effects (Tables   and S) . Only late broods were fitted with transmitters in  and there were positive, and weak negative, associations between distance moved and brood season in  and , respectively. Clearly, multiple factors are associated with the distance from the nest moved by this age, and these apparently vary among years. All juveniles were independent by  days of age.
The best-supported model testing for effects of various factors on age of dispersal outside the study area indicated that early-season juveniles dispersed outside the study area at a significantly older age than-late season juveniles (Table ; Table  S , supplementary material with the online version of this article; see Acknowledgments). In , four late-brood juveniles, aged - days, were located .-. km to the north () and west () of the study area, and in  two late-brood juveniles, aged  and  days, were located . km to the north and . km to the south of the study area, respectively. No juveniles were found during searches outside the study area in .
DISCUSSION
Our radiotracking of  juvenile Ring Ouzels for up to  days postfledging constitutes one of the largest and longest passerine tracking studies to date. Juvenile Ring Ouzels from early broods were more likely to survive than those from late broods, with predation being the main apparent cause of mortality. Survival of juveniles, particularly those from late broods, temporarily decreased at the age of independence. Juveniles traveled increasingly far from their nests with time since fledging, and individuals that fledged from larger broods later in the season and with lower body condition tended to move farthest while dependent on their parents. Juveniles that fledged early in the season dispersed outside the study area at a significantly older age than those that fledged later on. Vitz and Rodewald ) . In Ring Ouzels, higher survival of early-season juveniles than of late-season individuals was apparently associated with reduced predation rates, rather than increased food abundance (Sim et al. a) .
We also found a positive association between brood size and juvenile survival. This contrasts with the negative relationship observed in two studies, where increased competition for limited food resources in larger broods caused a decrease in mean nestling body condition in Blue Tits (Cyanistes caeruleus; Nur ) and Great Tits (Smith et al. ) and, thus, reduced survival of juveniles from broods of larger size. However, brood size and subsequent juvenile survival may be higher for individuals reared by higher-quality parents and/or in higher-quality breeding sites (Holmes et al. , Green ) . Indeed, a positive relationship between brood size and juvenile survival was found in Western Gulls, with the advantage of hatching into a large brood considered to reflect a direct effect (competitive abilities may covary positively with brood size due to interaction between siblings), and/or an indirect effect (parental quality; Spear and Nur ). In Ring Ouzels, the higher survival of juveniles from larger broods most likely reflects positive effects of parental and/or foraging habitat quality.
Variation with body condition.-Low food availability is one possible cause of low juvenile survival, with effects being either direct (through starvation) or indirect. However, we found no compelling evidence that postfledging survival varied with nestling body condition in Ring Ouzels. Although six previous studies found that juvenile survival was positively related to nestling condition (Nur , Krementz et Kershner et al. ) . These discrepancies may indicate that nestling condition influences survival only during periods of environmental stress (Krementz et al. ) .
Predation.-Predation was the main apparent cause of juvenile mortality in Ring Ouzels, with most deaths occurring within  weeks postfledging. These results concur with those of several previous studies in which high predation rates occurred in the first few weeks postfledging (e.g., Naef-Daenzer et al. , Yackel Adams et al. , Vitz and Rodewald ). Because juvenile Ring Ouzels have limited flying ability during - days postfledging, they are then particularly vulnerable to mammalian predators. After this age, juveniles were capable of short flights, and raptors were the main predators thereafter. Gamekeepers legally cull mustelids, Red Foxes, and Carrion Crows, but all raptor species are protected by law and cannot be legally culled (Tucker and Heath ) . Because gamekeepers employ similar methods of pest control across large parts of upland Britain, and thus throughout much of the British Ring Ouzel's breeding range (Gibbons et al. , ) , the number and variety of predators found in Glen Clunie are likely to broadly reflect those found elsewhere in upland Britain.
The switch from mammal-dominated predation early in the postfledging period to raptor-dominated predation later on has previously been shown in Ovenbirds and Worm-eating Warblers 
